Mineral aerosols from North Africa represent one of the largest sources of aerosols available to the atmosphere, and their generation and transport are thought to be modulated by African easterly waves. In this study, the relationships between easterly wave activity and model simulations of desert dust entrainment and transport are investigated. National Centers for Environmental Prediction-National Center for Atmospheric Research reanalysis datasets are used to both evaluate easterly wave activity and drive a transport model simulation of desert dust. The focus of this study is on boreal summer, when easterly wave activity maximizes. Periods of high easterly wave activity are identified using filtered (2.5-10 days) relative vorticity at 700 hPa over the tropical Atlantic Ocean. Lag composites of relative vorticity and simulated surface dust concentrations are used to investigate the influence of easterly waves on the spatial transport patterns. A comparison between lag composites of available in situ desert dust data at Barbados and model simulation suggests that the model results are consistent with the variability at Barbados. The results show that approximately 20% of the dust entrainment into the atmosphere over a broad region of North Africa is associated with easterly wave activity, suggesting that easterly waves may regulate desert dust entrainment into the atmosphere. About 10%-20% of the seasonal variability of desert dust concentrations across the North Atlantic is related to easterly waves, which suggests that easterly waves modulate the transport of desert dust.
Introduction
Mineral aerosols are hypothesized to impact the earth's climate through direct and indirect radiative forcing (e.g., Miller and Tegen 1998; Levin and Ganor 1996) as well as biogeochemical processes (e.g., Martin 1990; Swap et al. 1992) . Mineral dust represents a significant portion of the globally averaged aerosol loading (Tegen et al. 1997) . Locally, the radiative forcing from desert dust can represent up to Ϫ60 W m Ϫ2 at the surface and several W m Ϫ2 at the top of the atmosphere (Miller and Tegen 1998) . Furthermore, it has been speculated that iron carried in mineral aerosols can play a significant role in ocean biogeochemistry (Martin 1990; Coale et al. 1996) . Some studies have also indicated that aerosol deposition provides an external source of fertility to terrestrial ecosystems in regions with highly weathered substrate (Chadwick et al. 1999) . For instance, North African dust is potentially a significant source of nutrients to the Amazon basin (Swap et al. 1992) .
A large part of desert mineral aerosol created by wind erosion of dry soil may result from surface land modifications by human activities such as agriculture, overgrazing, and deforestation (Tegen et al. 1996; Mahowald et al. 2002) . Unfortunately, the sources, distribution, radiative forcing, and biogeochemical impacts of desert dust are not currently well understood, although progress has recently been made in the sources and radiative forcing of dust (Tegen and Fung 1994; Miller and Tegen 1998; Sokolik and Toon 1998) . The limited measurements of desert dust in the Atlantic region suggest that North African desert dust export has increased two-to fourfold in the last few decades (Prospero and Nees 1986; Prospero 1996) .
It is important to further understand the variability of North African mineral dust, given the potential impacts VOLUME 16 J O U R N A L O F C L I M A T E on climate change. A significant number of studies have established some well-know features of the atmospheric circulation in the tropical Atlantic Ocean and western Africa. The thermal contrast between high surface temperatures near the Saharan desert and the cool waters in the Atlantic off the coast of Guinea are largely responsible for the maintenance of the African easterly jet (AEJ; Fontaine et al. 1995; Thorncroft and Blackburn 1999) . In this context, African easterly waves (AEW) are a fundamental synoptic feature over western Africa and tropical Atlantic Ocean during boreal summer (Burpee 1972; Céron and Guérémy 1999) . Typically, AEW form west of 20ЊE on the northern and southern sides of the AEJ and propagate westward. Observational studies have indicated two types of timescales for the AEW. In the first type, AEW have wavelengths between 2000 and 4000 km, a westward phase speed of about 8 m s Ϫ1 (i.e., about 7Њ-8Њ longitude per day) and periods between 3 and 5 days. This first type is clearly identifiable in the meridional component of the wind (or relative vorticity) at the 850 and 700 hPa levels. In contrast, the second type has larger zonal scale, that is, wavelengths of about 6000 km, propagates westward at approximately 8.5Њ longitude per day and has characteristic periods between 6 and 9 days (Diedhiou et al. 1998; Diedhiou et al. 1999) . Barotropic and baroclinic energy conversions from the AEJ at the 600-hPa level are thought to be the main maintenance mechanisms for the AEW (Norquist et al. 1977; Diedhiou et al. 1999 and references therein). Significant variations in the AEW are also found in above (below) average rainfall years over northern Africa (Grist 2002; Grist et al. 2002) .
The importance of AEW in modulating the variability of extensive North African desert dust plumes has been noted for years (e.g., Westphal et al. 1987) . However, the importance of easterly waves in entraining dust and modulating dust transport across the Atlantic has not yet been properly quantified. The objective of this study is to use a combination of observational reanalysis fields and a model simulation of desert dust driven by the same reanalysis fields to investigate the relationships between desert dust and AEW within the model. Our goal is to quantify the importance of the easterly waves in driving summertime entrainment of desert dust into the atmosphere and the subsequent transport across the tropical Atlantic Ocean. We focus on the boreal summer because it is during this season that the AEW are particularly strong. Section 2 describes datasets and a dust transport model experiment. The variability of AEW and African desert dust is discussed in section 3. Section 4 carries out statistical analyses to characterize African desert dust transport during periods of intense easterly wave activity. Section 5 presents summary and conclusions.
Datasets and dust transport model experiment
The National Centers for Environmental PredictionNational Center for Atmospheric Research (NCEP-NCAR) reanalysis (Kalnay et al. 1996 ) is used to characterize AEW activity. Daily averages of the zonal and meridional components of the wind as well as the vertical component of relative vorticity at 700 hPa are used during the extended boreal summer seasons of JuneSeptember (JJAS) 1979-2000. The spatial resolution of these fields is 2.5Њ in latitude and longitude. As has been indicated in several studies, the NCEP-NCAR reanalysis realistically captures AEW activity and is consistent with the European Centre for Medium-Range Weather Forecasts (ECMWF) reanalysis (ERA) as well as observations (Diedhiou et al. 1998 (Diedhiou et al. , 1999 Fyfe 1999; Grist 2002; Grist et al. 2002) .
In this study, we use a 22-yr simulation of dust transport with the model described in Luo et al. (2003) and Mahowald et al. (2003) . The transport model is the Model of Atmospheric Transport and Chemistry ) driven by meteorological fields from the NCEP-NCAR reanalysis . For the desert dust modeling, we use NCEP-NCAR reanalysis at a T62 resolution (ϳ1.8Њ ϫ 1.8Њ), using the 28 sigma levels available every 6 h to calculate dust transport. For this study, daily averaged surface dust concentrations and dust mobilization (dust entrainment into the atmosphere) generated by the model during June, July, August, and September are used. Notice that the spatial resolution of the meteorological winds used to study the easterly waves is slightly different than that used for the transport modeling. Since the underlying fields are the same, we do not expect these differences to cause any inconsistency.
The Dust Entrainment and Deposition (DEAD) module simulates the entrainment of desert dust into the atmosphere and the dry and wet deposition loss terms. Entrainment is based on wind tunnel studies of Iversen and White (1982) , Marticorena and Bergametti (1995) , Gillette et al. (1998), and Fecan et al. (1999) . Dry deposition is based on Seinfeld and Pandis (1998) and includes turbulent dry deposition and gravitational settling. Wet deposition is simply parameterized as a scavenging coefficient similar to Tegen and Fung (1994) . Because of the importance of size in determining the gravitational settling of desert dust particles, the model uses four bins, ranging from 0.1 to 10 m in diameter , resulting in lifetimes of 10 days for the smaller particles and 1 day for the larger particles included in the model . The source areas are defined as in Ginoux et al. (2001) to be dry no-vegetated regions that have relatively low topography. Mahowald et al. (2002) has shown that other possible source regions, such as due to changes in vegetation or land use, have similar transport characteristics in North Africa. Therefore, this study does not anticipate any sensitivity to the exact geometry of the source areas. It is important to mention that some studies have indicated existing deficiencies in the NCEP-NCAR reanalysis especially in the Tropics and in the hydrological cycle (Trenberth and Guillemoit 1998; Trenberth et al. 2001 ). However, as indicated earlier, the NCEP-NCAR reanalysis has been shown to realistically capture AEW. The model described earlier was compared to in situ surface concentration data, sun photometer data, and satellite retrievals of optical depth for both the mean distributions ) and the variability (Mahowald et al. , 2002 . The model is able to capture the monthly mean concentrations at surface stations globally, but has more difficulty at the several stations in the Southern Hemisphere. Comparisons to deposition observations, both in situ and marine sediment cores, show rough consistency with the model over four orders of magnitude. Aerosol optical thicknesses predicted in the model appear consistent with available satellite and sun photometer observations. The model daily (or weekly) variability was compared to observations, and from this analysis, it appears that the model is often able to capture specific dust events, but the timing or the magnitude of the event may be slightly incorrect in the model. The amount of monthly mean variability in the model is similar to that seen in the observations at the in situ sites and the satellite data. The model is also able to represent some, but not all, of the interannual variability in desert dust seen in the observations over the North Atlantic. It is not clear, however, if discrepancies between the model and observations are due to errors in the source scheme or transport in the model, and in some cases, may be due to errors in the observations. As a way of verifying the statistical results presented in this study, observations of surface dust concentrations at the island of Barbados are used. The surface concentrations are observed using 24-h filtered samples (representing daily averaged values) and the data are collected deliberately to avoid local sources (Prospero and Nees 1986 ).
Easterly waves and African desert dust
We begin by examining some of the characteristics of AEW and African desert dust. Figure 1 shows the long-term mean of the horizontal wind field at 700 hPa during JJAS (1979 JJAS ( -2000 . The AEJ is characterized by wind speeds in excess of 10 m s Ϫ1 near 15ЊN and from 5ЊE to about 35ЊW (Fig. 1, top) . Regions of positive and negative relative vorticity at 700 hPa (hereafter referred to as VOR700) straddle the AEJ to the southern and northern sides, respectively ( Fig. 1, bottom) . Likewise, Fig. 2 shows the summer seasonal mean of surface dust concentrations (hereafter DUST; top) and the standard deviation (bottom). High surface concentration values exceeding 200 g kg Ϫ1 are simulated in North Africa. The plume extends westward, maximizing at approximately 10ЊN during the summer months, similar to the location of the AEJ shown in Fig. 1 . As might be expected, the standard deviation of the desert dust is strongest in the regions with the largest mean concentrations (Fig. 2, bottom) . Relative variability (standard deviations divided by mean surface concentrations) shows that there is relatively more variability in the western Atlantic than over the source areas (e.g., Mahowald et al. 2003) . A possible explanation would be that over the source areas, variability in sources is important; while in the western Atlantic, variability in both sources and transport is important, which would imply large variability over that region. Furthermore, the analysis of Mahowald et al. (2003) suggests that interannual variability in transport is larger than interannual variability in the sources in controlling concentrations at the observations sites (which tend to be downwind of source areas). Figure 3 shows the summer season mean (top) and standard deviation (bottom) of surface mobilization (hereafter MOBIL). The maximum surface concentrations in Fig. 2 are seen in the same regions as the maximum surface mobilization in Fig. 3 , as expected due to the short lifetime of desert dust in the atmosphere (1-10 days, depending on size).
In order to obtain a better characterization of synoptic timescales, the spectral variance was examined for VOR700 and DUST at three locations (A, B, C) indicated by thin solid lines in Figs. 1 and 2. For each parameter, 22 time series (one for each summer in 1979-2000) with 122 daily values each (JJAS) were created by spatially averaging the parameters in the indicated boxes. Next, the following procedure was used to compute the spectrum: 1) the seasonal mean and linear trend were removed; 2) the resulting time series was tapered with a split-cosine bell function (5% at each end); 3) fast Fourier transform (FFT) was used to obtain raw spectral estimates for each season; 4) the raw spectral estimates were then smoothed with a running average of length L ϭ 3; 5) spectra computed for each season were averaged to obtain an ensemble mean. The degrees of freedom were estimated initially as 132 (2 for every raw spectral estimate ϫ 3 for smoothing the raw spectral estimates ϫ 22 for the ensemble average). The actual degrees of freedom were reduced taking into account tapering of the time series (see Madden and Julian 1971 for further details). The red noise background spectrum and 95% significance level were computed following the methodology of Mitchell (1966) .
In agreement with previous studies, the spectral variance of VOR700 at region B (Fig. 4, middle) shows significant variance exceeding the red noise background from 3.7 to 9.0 days (Diedhiou et al. 1998 (Diedhiou et al. , 1999 . This variability in VOR700, which is associated with AEW activity, is still quite detectable farther west at region A near the Caribbean Sea (Fig. 4, top) . In contrast, the amount of variance exceeding the 95% confidence level is significantly less at region C on the west coast of Africa (Fig. 4, bottom) , which is consistent with the growth of AEW along the AEJ. Surface dust concentrations at region C (Fig. 5 , bottom) shows large amounts of variance from 4.3 to about 10.0 days. It is quite interesting to note that at large distances away from the dust source region in Africa (Fig. 5, middle and top) , the amount of variance in DUST also exceeds the red noise background at periods from 4 to 10 days. The variance spectrum of column dust is similar to the surface dust in having variance that exceeds the red noise background at periods from 4 to about 10 days, and is therefore not shown.
The spectral variance of surface dust concentration in Barbados was also examined. Although the Barbados data provide an excellent record of observations to monitor potential climate changes in surface mineral dust, several summer seasons have a large number of missing values. In order to compute the spectrum, only those seasons that had 10% or less of missing data were considered. This included 14 summer seasons (1979-1981, 1984, 1986, 1989-1992, 1994, 1996-1998, and 2000) . Missing data in these summer seasons ranged from 0.8% (1981, 1992, and 1994) to 9.0% (1986) and were linearly interpolated. The spectral variance (Fig. 6) indicates two main peaks at 7.5 and 6.1 days. A comparison with Fig. 5 (top) indicates that the model is consistent with the observed spectrum in the range of 2.0 to 12.8 days. However, the model simulations have considerably more variance than the observations-in the range of 12.8 to 85 days. Another way of comparing the model simulation and the Barbados observations is the scatterplot shown in Fig. 7 . Table 1 shows some statistics related to both time series. Although the model simulation tends to overestimate the mean and range of surface dust concentrations over the Barbados region, the seasonal cycleinterannual model simulations can be useful to understand the time variability and many events are simulated relatively well with correlation coefficients of 0.34-0.66 Mahowald et al. 2003 Mahowald et al. , 2002 dust transport across the tropical Atlantic.
Desert dust transport from Africa during periods of easterly wave activity
The results presented in the previous section demonstrated that simulated surface dust concentrations exhibit significant variability from 3 to 8 days, which is consistent with the timescales of AEW. Furthermore, this variability is consistent with surface observations in Barbados. In this section, we examine in detail surface dust transport during periods of intense AEW activity. To accomplish that, a Murakami bandpass recursive filter with cutoff periods of 2.5 and 10 days (Murakami 1979 ) was applied to the time series of VOR700 during JJAS 1979-2000. The band of periods selected in this study is wide enough to capture most of the two preferential timescales (3-5 and 6-9 days) of AEW activity, as well as the synoptic variability of surface dust concentrations. Figure 8 shows the standard deviation of the filtered relative vorticity anomalies at 700 hPa (hereafter VORA) during JJAS (1979 JJAS ( -2000 . A broad region of high variability exceeding 0.5 ϫ 10 Ϫ5 s Ϫ1 is observed on the northern side of the climatological position of the AEJ (Fig. 1) . The amount of variance of relative vorticity on 3-10-day timescales over the tropical Atlantic represent about 50%-60% of the total seasonal variance (not shown). Thus, the reference region of high VORA variability is used in this work as the key location (indicated by thin lines in Fig. 8 ) for a composite analysis to investigate the relationships between AEW and African surface dust transport. The procedure to construct composites was performed by first obtaining time series of VORA spatially averaged in the key re- gion for the 22 summer seasons in consideration. Days in which the values of VORA in the key region were below minus one standard deviation were selected as cases of strong AEW occurrences. This resulted in a sample of 390 days such that the number of independent events (i.e., degrees of freedom) was 245. Figure 9 shows lag composites obtained by averaging VORA on the sample of intense AEW activity. Local t tests at the 95% significance level were calculated to indicate regions of statistically significant anomalies (shading). At lag ϭ Ϫ2 days, a region of intense negative vorticity anomalies is observed off the coast of Western Sahara and Morocco, whereas large positive VORA is found over the key region. In subsequent time lags, the region of negative VORA propagates westward following a latitudinal track approximately between 20Њ and 25ЊN. The region of negative VORA takes about 6 days to travel from the western coast of North Africa to the West Indies. Note also that as the center of negative VORA propagates westward, a new center of positive VORA develops off the coast of Western Sahara demonstrating the high frequency of AEW.
Likewise, Fig. 10 shows lag composites obtained by averaging DUST anomalies on the same dates of intense AEW activity. Since the magnitudes of DUST vary widely across the Atlantic Ocean and North Africa, the composites are presented for standardized DUST anomalies in order to better visualize the local effects on surface dust concentrations as AEW propagate westward. Standardized surface dust anomalies (SDUSTA) are computed as: SDUSTA ϭ 100 ϫ (DUST Ϫ mean)/ sdv, where mean and sdv are the long-term seasonal mean and standard deviation, respectively. Anomalies statistically significant at the 95% level are indicated with shading. At lag ϭ Ϫ2 days, a region of positive anomalies is observed over parts of Western Sahara, Mauritania, Algeria, and Morocco. Note that the positive SDUSTA region is found on the southeastern side of the region of negative VORA (Fig. 9) . At lag ϭ Ϫ1 day, the region of positive anomalies moves slightly westward, and is now collocated approximately on the eastern side of the AEW trough region or negative VORA. At this time lag, SDUSTA magnitudes increase to about 10%-20% of the seasonal standard deviation, which represents an impact on surface dust concentrations in North Africa of about 30-80 g kg Ϫ1 (cf. Fig.  2 ). It is also interesting to note that a small region of positive SDUSTA is found near the key region, which coincides with the western side of the region of negative VORA (Fig. 9 lag ϭ Ϫ1 day) . Further west, a broad region of negative SDUSTA is located in the Atlantic Ocean (40Њ-60ЊW), such that its southwestern boundary slightly touches Barbados Island (indicated as B). At lag ϭ 0 days, positive SDUSTA anomalies over Mauritania and Western Sahara decreased in extent and magnitudes, whereas the positive SDUSTA in the Atlantic exhibits a substantial increase in area and moved further west. In subsequent lags ϭ ϩ1, ϩ2 days, this positive SDUSTA region increases in area and the magnitudes exceed 10% of the local seasonal standard deviation. Additionally, negative SDUSTA regions trail both sides of the positive SDUSTA region and move westward as well. These results are qualitatively similar if the analyses were done using dust column instead of surface concentrations (not shown).
To gain further insight on the relationships between AEW and DUST, Fig. 11 shows a longitudinal section along 24ЊN, which is the same latitude of the VORA reference region (e.g., box in Fig. 9 ). At the top of Fig.  11 is shown the longitudinal section of the VORA lag composite. Since the selected latitude coincides with the reference region, negative VORA is evidently centered at 30ЊW and lag ϭ 0 days. Marked westward propagations of negative and positive anomalies of relative vorticity are observed. Based on an inclination line subjectively drawn on the negative VORA region, a westward propagation speed of about 7Њ-9Њ longitude per day is obtained, which is consistent with previous studies of AEW (Diedhiou et al. 1998; Diedhiou et al. 1999) . At the bottom of Fig. 11 is shown the longitudinal section of the SDUSTA lag composites, and similar westward propagations of positive and negative SDUSTA are found. A rough estimation of the westward propagation speed also yields 7Њ-9Њ longitude per day. Note, however, that Fig. 10 (lags ϭ 0, ϩ1, ϩ2 days) suggests that the region of maximum positive SDUSTA westward propagation in the Atlantic follows a latitudinal track (18Њ-20ЊN) farther south from the reference region, where 2.5-10 days variability in relative vorticity at 700 hPa is maximum. An easier to interpret assessment of the importance of AEW in modulating North Africa surface dust transport is provided in Fig. 12 . Anomalies of DUST were obtained by subtracting the long-term seasonal mean and the lag composites were constructed averaging the DUST anomalies on the same dates of intense AEW activity previously discussed. For easy interpretation, the long-term seasonal mean was added back after the fact. At lag ϭ Ϫ1 day, a large region of DUST concentrations above 200 g kg Ϫ1 is observed over North Africa such that large gradients and values above 400 g kg Ϫ1 are found over Western Sahara. As the region of negative VORA propagates westward, horizontal gradients in DUST over North Africa seem to decrease. In the Atlantic Ocean, on the other hand, a plume of DUST with concentrations between 20 and 60 g kg Ϫ1 also moves westward and engulfs Barbados Island at lag ϭ ϩ3 days. In particular, surface dust concentrations over Barbados increase from about 24 g kg Ϫ1 at lag ϭ Ϫ1 day to approximately 32 g kg Ϫ1 at lag ϭ ϩ3 days. Lag composites were also obtained by subtracting the long-term seasonal mean from surface dust mobilization fields and then averaging the anomalies on the dates of AEW activity. The long-term seasonal mean was added back to the lag composites for a quantitative assessment of variations in surface dust mobilization associated with AEW. For conciseness, Fig. 13 (top and middle) shows the MOBIL variations only for lags ϭ Ϫ1 day and ϩ1 day. MOBIL is strongly localized over North Africa, and varies in strength between 2 g m Ϫ2 s Ϫ1 to higher than 7 g m Ϫ2 s Ϫ1 depending on the phase of easterly waves. Notice that the sources in western North Africa vary most strongly with the easterly wave phase, which is consistent with their location closer to the maximum vorticity in the easterly waves (seen in Fig. 8 ). Figure 13 (bottom) shows MOBIL, spatially averaged in the region indicated in Fig. 13 (top) , from lag ϭ Ϫ4 days to ϩ3 days. As demonstrated in the previous composites, the AEW appears to have the largest influence VOLUME 16 on mobilization over North Africa between lags ϭ Ϫ1 day and Ϫ2 days relative to the reference region in the Atlantic Ocean. Thus, as the AWE trough develops and approaches North Africa, MOBIL increases to magnitudes of 5.3-5.7 g m Ϫ2 s Ϫ1 . As the AEW propagates further west in the Atlantic Ocean, MOBIL reduces to about 4.2 g m Ϫ2 s Ϫ1 . This suggests that approximately 20% of the variability in mobilization is related to easterly wave activity, which has characteristic timescales of 3-10 days. Note that other important processes such as diurnal cycle as well as intraseasonal variations can significantly contribute to the mean dust transport.
An important question relates to how well the results from the dust transport model are consistent with observed surface dust concentrations. The observations at Barbados Island were used to compute composites on the dates of significant AEW activity. Since missing data occur in the observations, the lag composites were obtained by averaging surface dust concentrations from Barbados on 332 days out of the 390 days used in the previous composites. Similarly, model DUST concentrations from the nearest grid point were averaged on the same dates. Figure 14 shows a small model overestimation at the Barbados location during intense AEW activity as well as a slight phase difference. The observations in Barbados appear to show a minimum of 18.4 g kg Ϫ1 at lag ϭ ϩ1 day and a maximum of 24.3 g kgm Ϫ1 at lag ϭ ϩ4 days. In contrast, the model results indicate 22.2 g kg Ϫ1 at lag ϭ 0 days and a maximum of 29.7 g kg Ϫ1 at lag ϭ ϩ3 days.
Summary and conclusions
While the role of easterly waves in modulating desert dust across North Africa and the North Atlantic has been discussed for years (e.g., Westphal et al. 1987) , this is the first quantitative study identifying the role of easterly waves in both generating atmospheric desert dust in North Africa and transporting desert dust across the Atlantic. The results of this work suggest that within our model, approximately 10%-20% of the summer season variability of dust entrainment into the atmosphere in North Africa is due to easterly wave activity, presumably due to stronger surface winds during some phases of the easterly waves. In addition, between 10%-20% of the variability in desert dust across the tropical North Atlantic relates to easterly wave activity in the model (about 24-32 g kg Ϫ1 ). While these estimates do not prove causation, these results suggest that easterly waves are important for the entrainment and transport of desert dust in the Atlantic in the model. Since the important processes of dust entrainment transport and deposition are incorporated in our model and available observations at Barbados support the relationships between easterly waves and desert dust, this suggests that at least the qualitative results of this study should be valid for the real atmosphere.
In this study we use composites techniques to compare easterly wave activity and desert dust transport from a model. A few important comments related to the methodology employed in this work are important to mention. The reference region used in the lag composites was selected over the region of maximum variability of relative vorticity at 700 hPa on timescales of 2.5-10 days; it is located on the northern side of the AEJ. The results shown in this study are therefore representative of the general characteristics of AEW activity and their modulation in surface dust transport and surface mobilization in North Africa. However, previous studies (Diedhiou et al. 1998; have indicated two distinct types of timescales (3-5 days and 6-9 days) in AEW and it is quite possible that they may modulate African dust transport differently. Additionally, observational studies have shown that two vorticity maxima are located to the north and south of the AEJ and considerable variations may be present from case to case, including interannual variations (Céron and Guérémy 1999 and references therein). The results presented in this work should be viewed taking into account the large variability of AEW.
Since desert dust is removed by precipitation and easterly wave activity also involves precipitation processes in the tropical North Atlantic (Grist 2002; Grist et al. 2002) , there should be important relationships between precipitation from easterly waves and desert dust. We have not explored the relationship between desert dust and precipitation in this study. In addition, easterly waves may be intensified by desert dust radiative forcing, which suggests that there may be feedback mechanisms between desert dust and easterly waves. We hope to address these issues in future studies.
